The cisternal segment of the trochlear nerve is difficult to identify reliably by routine MR imaging. We investigated the visibility and anatomic features of the trochlear nerve by using high-resolution 3D-bTFE imaging in healthy subjects.
T rochlear nerve palsy is the most frequent isolated cranial neuropathy that affects ocular motility. 1 The etiologic mechanism of the disease is unclear. Congenital aplasia or hypoplasia of the oculomotor or abducens nerve has been documented on MR imaging in patients with congenital oculomotor nerve palsy and Duane retraction syndrome. 2, 3 However, the presence or absence of the trochlear nerve has not been investigated in congenital superior oblique palsy, which is the most common type of trochlear nerve palsy. Recently, several MR imaging studies have been conducted to identify the trochlear nerve [4] [5] [6] [7] [8] ; however, these studies did not consistently demonstrate it due to its small size, even in healthy subjects.
In this study, we used MR imaging with much higher resolution compared with previous studies in which the voxel size was smaller than the diameter of the trochlear nerve. The visibility and anatomic features of the trochlear nerve by using this sequence were investigated in healthy subjects and compared with conventional sequences.
Materials and Methods

Subjects
This study was conducted with 34 healthy subjects (18 males and 16 females; age range, 3-59 years; mean age, 39 years) without any ocular movement disorder. Informed consent was obtained from all subjects, and our institutional review board approved the study protocol.
MR Imaging Sequences
MR imaging was conducted by using a 3T system (Intera Achieva; Philips Medical Systems, Best, the Netherlands) with a SENSE head coil. All subjects underwent 3D-bTFE imaging with 2 different resolutions: conventional and high resolution. Conventional-resolution imaging was performed in an axial plane, including the midbrain, pons, and upper medulla oblongata. The sequence parameters were as follows: TR, 6.2 ms; TE, 3.1 ms; flip angle, 60°; FOV, 150 ϫ 150 mm; matrix, 224 ϫ 333; section thickness, 1.4 mm (0.7-mm overlap with the adjacent section); voxel size, 0.67 ϫ 0.45 ϫ 1.4 mm; 70 sections; SENSE factor, 1.5; acquisition time, 3 minutes 39 seconds.
High-resolution imaging was performed at the lower midbrain and upper pons, including the inferior margin of the inferior colliculus, which is known as the level of the root exit zone of the trochlear nerve. The scanning plane was set to an oblique axial direction perpendicular to the long axis of the aqueduct, which was approximately parallel to the course of the trochlear nerve. The sequence parameters were as follows: TR, 9.9 ms; TE, 5.0 ms; flip angle, 60°; FOV, 150 ϫ 150 mm; matrix, 500 ϫ 500; section thickness, 0.25 mm; voxel size, 0.3 ϫ 0.3 ϫ 0.25 mm; 60 sections; SENSE factor, 2; acquisition time, 7 minutes 14 seconds.
Image Analysis
Two neuroradiologists analyzed the MR images and determined the grade of visibility of the trochlear nerve by consensus. Datasets were anonymized and presented to the examiners in a random order. The conventional-resolution images were interpreted first; then the highresolution images were interpreted at another session 2 weeks later to minimize recall bias.
Visibility of the trochlear nerve was graded with the use of a qualitative scale of certainty, with a grading of definite, probable, and indeterminate. The criteria of "definite" required both of the following: 1) a curvilinear nonbranching structure in the perimesencephalic cistern coursing in the anterolateral direction toward the ipsilateral tentorium, and 2) identification of the root exit point at the posterior aspect of the pontomesencephalic junction (ie, at the level of the inferior margin of the inferior colliculus). If the first requirement was fulfilled but the second requirement was not fulfilled, the grade was given as "probable." If both requirements were not fulfilled, the grade was given as "indeterminate." In several cases, images were reformatted in various oblique planes to trace the course of the trochlear nerve. Visibility was examined statistically by using the 2 test.
To validate the results of conventional-resolution images, we anatomically correlated the trochlear nerves with definite or probable visibility as determined on conventional-resolution images with the findings on reference standards, which were high-resolution images in this study.
To evaluate the size of the trochlear nerve, we measured the diameter on high-resolution images in all subjects. Measurements were performed 3 times and averaged.
Results
Of 34 subjects, 2 subjects were excluded from the study due to the degradation of imaging quality by severe motion artifacts. Ultimately, 64 nerves of 32 subjects were analyzed.
Visibility of the trochlear nerve was significantly different between the conventional-and high-resolution images (Table). On conventional-resolution images, visibility was definite in 4.7% (3 of 64 nerves), probable in 18.8% (12 of 64 nerves), and indeterminate in 76.6% (49 of 64 nerves) of cases. On high-resolution images, visibility was definite in 98.4% (63 of 64 nerves) and probable in 1.6% (1 of 64 nerves) of cases. Visibility was significantly different between the 2 sequences (P Ͻ .0001). When considering "probable" as positive identification of the trochlear nerve, the nerve was identified in 100% (64 of 64 nerves) of cases on high-resolution images and was identified in 23.4% (15 of 64 nerves) of cases on conventional-resolution images. Visibility was significantly different between the 2 sequences (P Ͻ .0001).
Of 15 trochlear nerves with grades of definite or probable visibility on conventional-resolution images, 11 nerves were concordant with the findings of high-resolution images (Table) (Figs 1 and 2) . However, 4 nerves were found to be falsepositive; the nerves were proved to be the perimesencephalic vessels by high-resolution imaging (Figs 3 and 4) .
Discussion
The aim of this study was to compare high-resolution 3D-bTFE imaging with conventional imaging in visualizing the trochlear nerve in healthy subjects on a 3T MR imaging system. This technique provides a T2 over T1 contrast and can be very useful in regions with tissues with very different T2 relaxation times, such as CSF and neural structures. 9 Thus, 3D-bTFE imaging can depict the small cranial nerves with high tissue contrast and high spatial resolution, as in previous MR imaging studies. 4, 5, 7, 10 The identification of the trochlear nerve on MR imaging is related to the spatial resolution of the imaging, anatomic configuration (ie, the size and course) of the nerve, and proximity of the nerve to adjacent vessels with a similar course and caliber. Recently, several MR imaging studies have been conducted to visualize the trochlear nerve in healthy subjects 4, 5, 7 ; however, the nerve has not been consistently identified. Cheng et al 4 used a 0.35 ϫ 0.35 ϫ 1.0 mm voxel (size of the x-axis, y-axis, and z-axis) and reported definite identification of the trochlear nerve in 16% of cases, probable identification in 22% of cases, and no identification in 62% of cases. Fischbach et al 5 used a 0.37 ϫ 0.47 ϫ 2.0 mm voxel at a field strength of 3T and reported 85% detectability, including blurred as well as distinct visualization. Yousry et al 7 used a 0.35 ϫ 0.69 ϫ 0.69 mm voxel and visualized the trochlear nerve definitely in 75% of cases and probably in 20% of cases, the best level of detection ever reported. We think that the resolution of the z-axis (ie, section thickness) used in the previous studies was too large to identify the trochlear nerve consistently. The mean diameter of the trochlear nerve was only 0.54 mm (range, 0.35-0.96 mm) in our study, which is similar to the diameter reported in a previous cadaver study (mean, 0.85 mm; range, 0.5-1.1 mm). 11 In addition to its small size, the trochlear nerve courses horizontally in the perimesencephalic cistern, approximately parallel to the imaging plane. Therefore, the higher z-axis resolution used in our protocol compared with previous studies must have been a key factor in increasing the identification rate of the trochlear nerve. We used a 0.3 ϫ 0.3 ϫ 0.25 mm voxel for which the resolution of the z-axis was smaller than the nerve diameter for 3T imaging, and the nerve was visualized in 100% of cases (definite, 98.4%; probable, 1.6%).
Another obstacle to identifying the nerve is its proximity to the perimesencephalic vessels with a similar course and caliber. These vessels include the superior cerebellar artery and its branches, and the brachial tributaries of the precentral cerebellar vein. 12 Villain et al 13 reported that 90% of the trochlear nerves had Ն1 contact with the superior cerebellar artery or its branches. To discriminate the trochlear nerve from these vessels, Yousry et al 7 additionally performed gadolinium-enhanced 3D time-of-flight MR angiography. In our study, much higher resolution imaging could trace the entire course of the trochlear nerve from its exit point and was able to discriminate the nerve from adjacent vessels in all subjects without the need for MR angiography. Oblique reformation of the images also provided easy tracing of the nerve in several cases. There are several limitations to our study. First, highresolution 3D-bTFE imaging has a relatively poor SNR and a long scanning time. The SNR is linearly proportional to the voxel volume 14 ; therefore, the small voxel has a negative effect on the SNR. 15 In addition, a long scanning time due to high spatial resolution may exacerbate motion artifacts on images. With continuing development of coil and parallel imaging technology, this limitation should be overcome to a great extent. Second, only 3 pediatric control subjects were included in the study. Superior oblique palsy is the most common pediatric ocular motility disorder.
Visibility of 64 trochlear nerves on conventional-and highresolution 3D-bTFE imaging
1 A narrower cisternal space and smaller trochlear nerve in children than in adults may perturb consistent identification of the trochlear nerve. Therefore, a further study including a substantial number of pediatric control subjects is needed. 
Conclusions
The trochlear nerve can be consistently visualized on highresolution imaging with a voxel smaller than the nerve diameter. High-resolution imaging should have an important role in investigating abnormalities of the trochlear nerve. 
